Direct detection of dark matter with directional sensitivity has the potential to discriminate the dark matter velocity distribution. Especially, it will be suitable to discriminate isotropic distribution from anisotropic one. Analyzing data produced with Monte-Carlo simulation, required conditions for the discrimination is estimated. If energy threshold of detector is optimized, O(10 3 −10 4 ) event number is required to discriminate the anisotropy.
Introduction
The so-called dark matter accounts for about 27% of the energy density of the Universe. Since it cannot be directly observed, it is supposed to have exceedingly weak interaction with the standard model particles. Weak interacting massive particles (WIMPs) are a promising candidate for dark matter. Several experiments are optimized to direct search for the WIMPs. Directional direct detections of dark matter aims to detect both the recoil energy and direction of the nuclear recoils. The directional detection is expected to improve the background rejection efficiency, and furthermore, to obtain other information of dark matter such as the velocity distribution.
In most of direct searches, the velocity distribution of dark matter is supposed to be isotropic Maxwellian velocity distribution. However, non-Maxwellian distribution had been indicated by some simulations and observations [2] [3] [4] [5] [6] [7] . In this study, an anisotropic velocity distribution derived in [4] is adopted;
where v φ is the tangential velocity of dark matter with respect to the galactic rest frame, r is a parameter associated with the anisotropy, N(v) is normalization factor, and µ = 150 km/s. The radial velocity v r and velocity across the galactic plane v z are suggested to be the isotropic Maxwellian distribution. This paper is organized as follows: in Section 2, setup of simulation of dark matter-nucleon scattering in directional detector is described. Results of the numerical simulation are also presented in the section. We conclude in Section 3.
Numerical simulation
In Figure 1 , a nuclear recoil and associated angles in laboratory frame are shown. The Earth receives dark matter wind, and its direction is taken as z-axis. Scattering angle θ is defined as the angle from z-axis. As a result of Monte-Carlo simulation of dark matter-nucleon scatterings, both the recoil energy E R and the scattering angle θ are obtained. Thus, in principle, the energyangular distribution is available. It is also interesting to take a look at angular histogram, which can be obtained in the case that energy resolution of the detector is not so good. As a target nucleon, two typical target, fluorine (F) and silver (Ag), are supposed in the simulation. Fluorine is used in gaseous directional detectors, and silver is one of target nucleons in NEWSdm. The strategy is as follows: two kinds of dataset are generated in the Monte-Carlo simulation. One dataset has a large event number, and called as "template data". Template data is produced depending on the anisotropy parameter r, like r = 0. r = 0.1, r = 0.2, · · · , r = 1. The other dataset, which is called as "pseudo-experimental data", is supposed to be data obtained in the realistic experiment, and has smaller event number than template data. Questions are which template is most similar to pseudo-experimental data, and how much event number is required to estimate it. Energy-angular distributions for template data and pseudoexperimental data are produced, and their similarity is tested by chi-squared test in Subsection 2.1. In the chi-squared test, E R -cos θ plane is divided into small bins, and event numbers in each bin. Corresponding chi-squared test for angular histograms is shown in Subsection 2.2. For both the energy-angular distribution and angular histogram, mass relation between WIMP mass m χ and target nucleon m N is supposed to be m χ = 3m N for similicity. Also energy threshold of the detector is supposed to be 20 keV for target F, and 50 keV for target Ag.
Energy-angular distribution
In Figure 2 and 3, results of chi-squared test between template data with particular r and pseudo-experimental data for F and Ag are shown, respectively. Red dashed line represents 90 % confidence level (CL). In the figures, if anisotropic case suggested by N-body simulation r = 0.3 is realized, completely isotropic case (r = 0) is rejected with 6 × 10 3 (for F) and 6 × 10 4 (for Ag) event numbers of the pseudo-experiment. The required event number depends on the energy threshold. Supposed energy thresholds are optimized to reduce the required event numbers of pseudo-experimental data.
Angular histogram
Angular histogram is another candidate to analyze events in the directional detector. In Figure  4 and 5, chi-squared test of angular histogram for target F and Ag are shown, respectively. Red dashed line corresponds to at the 90% CL. If anisotropic case (r = 0.3) is realized, completely isotropic case (r = 0) can be rejected at the 90% CL with 5 × 10 3 (for F) and 2 × 10 4 (for Ag) event number. Since event number per a bin of energy-angular distribution is smaller than that of angular histogram, required event number is reduced compared to the energy-angular distribution. Possibility to discriminate the anisotropy of dark matter velocity distribution using directional detector is investigated. Depending on resolution of the detector, the energy-angular distribution and angular histogram can be analyzed. For energy-angular distribution case, O(10 4 ) event number is required, while for angular histogram case O(10 3 − 10 4 ) is required. It depends on the energy threshold of the detector which is determined by dark matter mass.
